
Determining Aptamer Affinity
Several platforms have been developed for the detection and characterization of biomolecular interactions. While 
most platforms were originally developed to evaluate protein-protein and antibody-protein interactions, aptamers 
are much smaller in size. In addition, aptamers are unique in their ability to selectively bind small molecules, 
an interaction which requires a much higher degree of sensitivity for detection.5  While early methods designed 
to evaluate antibody affinity initially lacked the sensitivity to properly characterize aptamer-small molecule 
interactions, there are now several technologies that have been optimized for the determination of aptamer affinity 
to a wide range of potential targets.

SPR: Surface Plasmon Resonance

Surface Plasmon Resonance (SPR) is an optical platform that measures the effect of changes in electromagnetic 
surface waves on reflected light. The waves are very sensitive to dielectrical properties of the inner surface and 
adjacent layers of the sensor tip.7 In the SPR system, a binding partner immobilized on the sensor tip interacts with 
a second binding partner in solution.4 Light, typically supplied through an LED, is emitted through a prism. The light 
reflects off the inner sensor surface and the reflected light is measured by a detector. When nothing is bound to 
the sensor tip there is total internal reflection of the polarized light. Upon binding, the electromagnetic surface 
waves are altered and the angle of reflected light shifts. Change in the resonance angle recorded at the detector 
is proportional to the change in mass on the sensor tip. The sample flow cell detects ligand-target binding. The 
reference flow cell detects non-specific interaction between the target and sensor surface. Detector response vs. 
time is then plotted as a sensorgram .1

SPR has frequently been used to assess aptamer:protein binding using biotinylated aptamers and streptavidin-
coated sensor chips, but traditional SPR methods have lacked the sensitivity to detect the small change in mass 
associated with binding of a small molecule (<150-180 Da) to an immobilized aptamer. While binding of an aptamer 
to an immobilized small molecule could be detected, small molecule immobilization often interferes with aptamer-
small molecule binding.1,5 

A few studies have reported the characterization of small molecule binding to immobilized aptamers using SPR. 
One technique involves the use of a CMS carboxymethylated dextran-coated sensor chip with an increased 
immobilization capacity, maximizing binding signal and enabling detection of small molecule binding. In this 
technique, an aptamer with a 24-mer poly(T) DNA linker is covalently bound to the chip. A selective aptamer with 
a corresponding 24-mer poly(A) DNA linker is captured at the sensor surface in the sample flow cell, followed by 
target binding. Researchers at Stanford University successfully analyzed twelve aptamer-small molecule pairs using 
this method.5

Figure 1. SPR technology 
schematic showing target binding 
to immobilized aptamer



SPR Pros
• Can be label-free 
• Wide range of KD
• Calculates association rate, dissociation rate, and concentration
• Automated, high-throughput options

ITC: Isothermal Titration Calorimetry

Isothermal titration calorimetry (ITC) is a label-free, 
immobilization-free method that measures the 
dissipation or absorption of heat in a reaction. Ligand 
in a syringe is added in small aliquots to target in a 
calorimetric cell. Heat required to maintain constant 
temperature in the cell is recorded in microcalories 
per second after each injection. The amount of heat 
is directly proportional to the amount of target 
binding.3 Researchers at the University of Waterloo 
applied ITC to evaluate a DNA aptamer to adenosine. 
Following optimization of target-to-aptamer ratio and 
temperature, ITC was successfully used to evaluate 
the effect of various truncations on aptamer affinity.10
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ITC Pros
• Label-free
• No immobilization required
• Calculates affinity, reaction stoichiometry, and thermodynamics
• Works in complex buffers and sample matrices

SPR Cons
• Re-binding on high density surface is possible (reduced by applying high flow rate)
• High affinity interactions with slow off rates are difficult to analyze
• Small molecules are difficult to analyze
• Fluidic system - daily maintenance required

ITC Cons
• Interactions with a small change in enthalpy are not detectable
• Requires a high concentration of ligand or target for measurement and larger total amounts of material than 

most other methods
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Figure 2. ITC technology schematic showing aptamer 
being injected into sample cell containing target
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Figure 3. (lat eft) MST technology schematic showing 
target titration in capillaries and injecton of labeled 
aptamer
Figure 4. (below) Plot of normalized fluorescence vs. 
citrulline concentration

In addition to determination of affinity constants, MST has been used to study thermodynamics, enzyme kinetics, 
protein folding, protein-protein interactions in cell lysate, and binding stoichiometry.8 

Base Pair has utilized MST in the characterization of many aptamers, including aptamers to proteins, amino acids, 
small molecules, opioids and opioid metabolites. MST data for aptamer # ATW0100 to the amino acid citrulline is 
shown above. 

MST Pros
• No immobilization required
• Detection of high-affinity interactions in low pM range 
• Can detect binding of small molecules and protein-protein interactions
• Works in complex buffers and sample matrices

MST Cons
• Requires fluorescent label or intrinsic fluorescence
• No determination of kinetic association and dissociation constants

MST: Microscale Thermophoresis

Microscale thermophoresis (MST) is a fluorescence-based method that measures the movement of molecules 
through a temperature gradient. A fixed concentration of fluorescent ligand (labeled or intrinsically fluorescent) 
and the target (sample) are combined in a small glass capillary. An infrared laser is applied to generate a localized 
temperature gradient. The movement of fluorescent molecules when the laser is turned on and turned off is 
measured. Multiple capillaries containing a fixed concentration of ligand and a titration of the target are analyzed. 
Changes in size, charge, or hydration upon binding affect the movement of molecules and enable sensitive 
detection.7,8
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BLI: Bio-Layer Interferometry

Biolayer interferometry (BLI) is an optical technique that measures changes in reflected light caused by binding at the 
sensor tip. White light is emitted from the sensor and reflected back from the biosensor tip and a reference layer to a 
detector. A shift in the interference pattern indicates a change in thickness of the outer layer at the tip. This change is 
reported as a change in wavelength over time. Only analyte binding to or dissociating from the surface will cause a shift 
in the interference pattern.2,6 

Figure 5. (at left) BLI technology schematic showing 
changes in reflected light with binding of aptamer and 
target
Figure 6. (below) Association and dissociation graph for 
OPG binding to anti-OPG aptamer.

Base Pair has utilized BLI in the characterization of aptamers to a number of protein targets and in the identification of 
matched aptamer pairs to protein targets. BLI data for an aptamer to osteoprotegerin (OPG) is shown above. In addition 
to proteins, BLI instruments have been successfully utilized for evaluation of peptide and small molecule binding.4

Going beyond affinity determination, researchers in Shanghai, China utilized a competitive biolayer interferometry 
format for sensitive measurement of the marine toxin palytoxin (PTX). The PTX toxin was covalently immobilized through 
carboxylic groups on the AR2G biosensor tip and a terminal amine on the toxin. HRP-labeled anti-PTX aptamer was then 
incubated with the PTX-biosensor probe. The HRP/anti-PTX aptamer/PTX biosensor was then incubated with sample. 
PTX toxin in solution caused dissociation of the HRP-anti-PTX aptamer and decreased BLI response. The 10 minute 
assay demonstrated excellent selectivity and sensitivity in seafood and water samples, with an LOD of 0.04 pg/mL or 15 
femtomolar.6

BLI Pros
• Can be label-free
• Works well in complex buffers and sample matrices
• Calculates association rate, dissociation rate, and concentration

BLI Cons
• Immobilization required
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Choosing an Affinity Determination Method

There are several reliable methods for determining aptamer affinity. The size of the aptamer target, feasibility 
of labeling or immobilization, sample matrix, required throughput, and desired analytical parameters are all 
important factors in choosing a platform.  Several important features of affinity platforms are compared in the table 
above. It is important to note that affinity technologies are constantly improving. Available instruments can differ 
significantly in sensitivity, volume requirements, throughput, and cost.
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